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(57) ABSTRACT 

The present invention is a means of starting a controlled 
combustion reaction by introducing Sodium borohydride or 
similar chemical to a liquid or gelatinous fuel. The present 
invention is also a device for transferring heat having a ther 
mal conductor connected to a catalyst Such that the thermal 
conductor is positioned within a liquid or gelatinous fuel held 
within a fuel container. 
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Figure 3 
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DEVICE FORTRANSFERRING HEAT ANDA 
RELATED MEANS OF TRIGGERING A 

CONTROLLED COMBUSTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority to U.S. provisional 
Patent Application No. 61/304,704 as filed Feb. 15, 2010. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

Not applicable. 

NAMES OF THE PARTIES TO AJOINT 
RESEARCH AGREEMENT 

Not applicable. 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT DISC 

Not applicable. 

BACKGROUND ON THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a means of trig 

gering a controlled combustion within a container, and also a 
device for transferring heat. 

2. Description of the Related Art 
A chemical reaction resulting from mixing water or metha 

nol (or other hydrogen-bearing fuel) with sodium borohy 
dride (or other hydride) includes a release of hydrogen gas 
and heat. Such reaction can be accelerated or moderated by 
the presence of certain catalysts, including, for example, met 
als such as nickel, cobalt, Raney nickel, certain pigments, and 
other materials. 

Hydrogen produced from Such chemical reaction can be 
used in the presence of air to purge a surface of a flameless 
catalytic combustor of hydrogen bearing fuels, for example, 
fuels such as methanol or ethanol. As such, the hydrogen may 
aid in a passive self-start of flameless combustion in the 
presence of Such fuels and air of a flameless catalytic com 
bustor. 

It is known that an alcohol fueled flameless catalytic heater 
is most efficient when the fuel, in the form of a vapor, reaches 
the catalyst at the same time as oxygen reaches the catalyst. 
This is true of almost all combustion reactions of liquid fuels, 
as it is the vapor that combusts. 
The heat released by an exothermic chemical reaction, an 

exemplary reaction being mixing Sodium borohydride with 
methanol, will heat the methanol and therein aid in the metha 
nol’s vaporization. Vaporization of a fuel Such as methanol 
can be of particular assistance when the fuel is relatively cold, 
Such as in winter seasons or arctic regions. Depending on 
various factors, the heat released could be sufficient to cause 
a small amount of fuel actually to boil and thereby produce 
vaporized fuel quite rapidly. 
The heat released by an electric heating element can warm 

a liquid fuel or a gel fuel. This can be of particular assistance 
when the fuel is cold, such as in the winter season or arctic 
regions. Like above, depending on various factors, the heat 
released could be sufficient to cause a small amount of fuel 
actually to boil and thereby produce vaporized fuel quite 
rapidly. 
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2 
Storage and transportation of alcohol-based fuels is less 

dangerous when the alcohol-based fuel is transported in the 
form of a gel. However, since the fuel is a gel, the alcohols 
vapor pressure is much lower than when it is in its liquid form. 
Essentially, this means that the fuel is not as easily used as a 
fuel in flameless catalytic heaters, as well as other applica 
tions, including, for example, direct methanol fuel cells. If, 
however, the fuel in the form of gel could be re-liquified when 
desired, there could be advantages in the increased applica 
tions in which the alcohol-base fuel could be used. 

Agelled alcohol, e.g. in a fuel can, can be combined with 
sodium borohydride or other similar alkali metal hydride to 
cause the alcohol-based gel to re-liquefy and the mixture to 
release hydrogen gas. In addition, heat will be released in 
Such exothermic chemical reaction. 

In applications and equipment designs where a liquid form 
of alcohol-based fuel is preferred, the re-liquefaction of 
gelled fuel is advantageous both in fuel logistics and for 
performance. In some applications, such as a flameless cata 
lytic heater, it is possible to thermally attach the heater to a 
fuel container. In thermally attaching the heater to the fuel 
container, it may be advantageous to use a thermal conductor 
from the heater to the fuel in order to heat the fuel to produce 
a fuel vapor. However, in some applications this may not be 
practical or possible. In the circumstances in which it is not 
practical or possible to use a thermal conductor from the 
heater to the fuel, sodium borohydride or similar chemical 
can be introduced to re-liquefy and begin heating the fuel. The 
introduction of the sodium borohydride or similar chemical 
can be conducted in the fuel storage container or a separate 
liquefying chamber, thereby enabling the liquefied fuel to 
flow through tubing and the like to reach the point of its use. 

Catalysts such as platinum, palladium, etc. are known to 
become inert over time. A vapor of methanol fuel which can 
readily self start its flameless catalytic combustion on a par 
ticular catalyst in air may encounter difficulty self starting on 
the very same catalyst a few months later. The particular 
causes of catalysts becoming inert are not all known. How 
ever, a catalyst that has become inert with time can be “re 
activated by hydrogen self-ignition. The hydrogen for re 
activating a catalyst can come from one or more sources, 
including, for example, a tank or a bladder which releases the 
hydrogen toward the catalyst prior to or simultaneously with 
the main fuel. Alternatively, the hydrogen can be chemically 
or electrolytically produced. Chemical production of hydro 
gen can be accomplished, for example, via the reaction of 
sodium borohydride with water, methanol, and/or other 
hydrogen bearing liquids. 

Thus, what is desired is a means for starting a controlled 
combustion and a means of transferring heat created from 
controlled combustions. 

SUMMARY 

Various exemplary embodiments of the present invention 
include a method for triggering a controlled combustion. The 
method includes the steps of containing a hydrogen-bearing 
fuel within a container, and introducing sodium borohydride 
to the hydrogen-bearing fuel within the container Such that 
hydrogen and heat are released. 

Other exemplary embodiments of the present invention 
include device for transferring heat. The device is comprised 
of a fuel container, fuel in the fuel container, potentially a 
chemical initiator, and a thermal conductor in thermal contact 
with the fuel and a catalyst. The chemical initiator, ifused, is 
introduced to the fuel to produce heat and vaporization of the 
fuel which must escape through the thermal conductor and 
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catalyst assembly supporting an environment for combustion 
at or near the catalyst. Heat generated by the combustion may 
be transferred to the fuel by way of the thermal conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various exemplary embodiments of the present inven 
tion, which will become more apparent as the description 
proceeds, are described in the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG. 1 is an illustration of a device according to an exem 
plary embodiment of the present invention. 

FIG. 2 is an illustration of a device according to an exem 
plary embodiment of the present invention which an electric 
heater is inside a fuel container. 

FIG. 3 is an illustration of a device according to an exem 
plary embodiment of the present invention in which com 
pressed hydrogen gas is stored and used to reactivate a cata 
lyst. 

FIG. 4 is an illustration of a device according to an exem 
plary embodiment of the present invention in which athermal 
conductor is positioned in a liquid or gel fuel by a compres 
sion spring and thermally activated spring. 

FIG. 5 is an illustration of an adjustable membrane or 
porous medium for use with an exemplary embodiment of the 
present invention. 

FIG. 6 is an illustration of a device according to an exem 
plary embodiment of the present invention having a thermal 
conductor varying in its shape deeper in the fuel. 

FIG. 7 is an illustration of an exemplary embodiment of the 
present invention in which liquid fuel is pressurized by a 
compression spring in a fuel container and the fuel interacts 
with the hydride chemical separately from the fuel storage 
tank. 

FIG. 8 is an illustration of an exemplary embodiment of the 
present invention having a means for manually adjusting the 
depth of the thermal conductor within the fuel. 

FIG.9 is an illustration of an exemplary embodiment of the 
present invention in which a chemical is stored inside a fuel 
soluble container. 

FIG. 10 is an illustration of an exemplary embodiment of 
the present invention in which hydrogen is bubbled through a 
fuel. 

FIG. 11 is an illustration of an exemplary embodiment of 
the present invention in which a chemical is separated from 
fuel until released via a piercing means. 

DESCRIPTION OF THE REFERENCED 
NUMERALS 

In reference to the drawings, similar reference characters 
denote similar elements throughout all the drawings. The 
following is a list of the reference characters and associated 
element: 

1 Thermal conductor 
2 Fuel container 
3 Fuel vapor 
4 Chemical (hydride) container 
5 Liquid or gel fuel 
6 Membrane or porous media 
7 Catalyst 
8 Chemical (hydride) 
9 External chamber 
10 Fuel line 
11 Compression spring 
12 Valve 
13 Fuel soluble container 
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14 Male threads 
15 Female threads 
16 Thermally activated spring 
17 Modified thermal conductor 
18 Adjustable porous material 
19 Handle 
20 Electric heater 
21 Wire 
22 Compressed hydrogen gas tank 
23 Compressed hydrogen gas 
24 Piercing means 

DETAILED DESCRIPTION 

The present invention relates to a device for transferring 
heat. The device includes a thermal conductor 1 and a fuel 
container 2. The thermal conductor transfers heat from a hot 
catalyst 7 (or other heated item, such as a fuel cell or internal 
combustion engine, etc.) to fuel within the fuel container 2 or 
other fuel distribution system; an exemplary embodiment of 
which is illustrated in FIG.1. The exemplary embodiment of 
FIG. 1 also illustrates that the thermal conductor 1 can house 
a chemical 8 in a chemical container 4 which may be attached 
to or part of the thermal conductor. 
The fuel in the container may be in liquid or gel form, and 

may include any hydrogen-bearing fuel Such as, for example, 
isopropanol, butanol, methanol, ethanol, or as a gas Such as 
Syngas, etc. 

In FIG.1, the liquid or gel fuel 5 is stored in a fuel container 
2. Hydrogen gas is released as a fuel vapor 3 when a chemical 
(hydride) 8 is introduced to the liquid or gel fuel. The chemi 
cal may be, for example, Sodium borohydride, contained 
within a porous container that allows the fuel and chemical to 
mix, and react to produce heat and Some vaporization/boiling 
of the fuel. The fuel vapor then feeds, for example, a catalytic 
heater. The fuel container is preferably sealed such that the 
fuel vapor must escape through a catalyst 7 after which fresh 
air contacts the fuel vapor at or near the catalyst, thereby 
Supporting an environment for combustion. In exemplary 
embodiments, the fuel vapor may escape through the thermal 
conductor prior to escape through and reaction at the catalyst. 

In the embodiments in which the fuel is a gel, a chemical 
Such as Sodium borohydride may be introduced to the gel in 
order to liquefy the fuel or release hydrogen gas from the 
reaction between the sodium borohydride and water, fuel, or 
a mixture of the latter. 

It should be noted that the thermal conductor may be a 
dedicated component or it may be multifunctional. The ther 
mal conductor may be repositioned or modified to adjust a 
fuel heating rate, adjust the rate of fuel vaporization, adjust a 
rate of fuel vapor reaching the catalyst, control a rate of heat 
output (temperature), and the like. 
The catalyst may be in the form of, for example, platinum, 

palladium, etc. The catalyst may be restored to reactivity with 
the primary fuel by its contact in air with hydrogen released 
from the fuel container or otherwise. The combustion of the 
hydrogen heats the catalyst to thereby assist in the start of the 
combustion of the primary fuel. 

Heat from the combustion of the hydrogen, and/or the main 
fuel on the catalyst is transferred via the thermal conductor to 
the fuel to create a sustained vaporization of the fuel. 

In an exemplary embodiment illustrated in FIG. 3, com 
pressed hydrogen gas 23 is stored in a compressed hydrogen 
gas tank 22 until a valve 12 is opened to release the com 
pressed hydrogen gas 23 to allow the hydrogen to reactivate 
and trigger combustion on the catalyst. Although FIG.3 illus 
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trates the hydrogen to flow directly to the catalyst, the hydro 
gen may alternatively or additionally be bubbled through the 
fuel as illustrated in FIG. 10. 

Repositioning the thermal conductor relative to the fuel 
and/or fuel container may be used as a means of adjusting the 
rate of fuel vaporization and may be performed manually or 
automatically, using, for example, a bimetallic strip or a sole 
noid or motor. 
The composition and dimensions of the thermal conductor, 

including a diameter, cross-section, length, materials, coat 
ings, etc. may vary the heating output. 

In addition to the repositioning of the thermal conductor, 
the amount of heat conducted will depend on the depth (mass) 
of the fuel in the fuel container. For example, as illustrated in 
FIG. 6, a thermal conductor may be a modified thermal con 
ductor 17 such that the shape varies the amount of heat trans 
ferred into the fuel based on the mass of the fuel remaining. 

FIG. 4 illustrates an exemplary embodiment in which the 
thermal conductor is positioned within the liquid or gel fuel 
by one or more compression springs 11 which transfers heat 
from the catalyst and membrane or porous media to the liquid 
or gel fuel 5 until the thermally activated springs 16 are heated 
to a temperature which causes the thermally activated springs 
to pull a part of the thermal conductor out of, or less deeply 
into the liquid or gel fuel. Pulling a part of the thermal con 
ductor out of the liquid or gel fuel should reduce the amount 
of fuel vapor created, thereby reducing the systems/fuel tem 
perature until Such time as the thermally activated springs 16 
cool to the point that they relax and then allow part of the 
thermal conductor to be moved deeper into the liquid or gel 
fuel by the compression spring ii which will increase the 
amount of heat transferred into the liquid or gel fuel thereby 
increasing the amount of fuel vapor produced and increasing 
the temperature output of the heater. This will regulate the 
temperature of the heater to the approximate temperature at 
which the thermally activated springs react. 

The positioning of the thermal conductor relative to the 
liquid or gel fuel can also be adjusted manually or automati 
cally via an interaction between male threads 14 and female 
threads 15 as illustrated in FIG. 8. 

In the exemplary embodiment illustrated in FIG. 7, the 
liquid fuel is pressurized by one or more compression springs 
in the fuel container. When released by a valve opening, the 
liquid fuel travels through fuel line 10 to an external chamber 
for chemical reaction 9 in which is a chemical 8 which reacts 
with the liquid fuel to produce a hydrogen gas-fuel vapor 
mixture 3 and heat, all of which assists in vaporizing fuel 5. 

In exemplary embodiments, a membrane or layer com 
prised by porous media 6 is positioned between the catalyst 
and the fuel vapor. The membrane can restrict fuel flow, 
thereby varying the heat output (temperature). The membrane 
may be adjusted manually or automatically by way of for 
example, a bimetallic strip or Solenoid or motor. 

FIG. 5 illustrates an exemplary embodiment of the porous 
media in which the porous medium is comprised by two 
plates with matching holes 18. One of the two plates is pref 
erably fixed and the other plate may be rotated such that an 
opening between the two matching holes is increased or 
decreased. Changing the opening alters the amount of fuel 
that can pass through, thereby changing the heat output (and 
temperature). Such changing the opening can be done manu 
ally or automatically. 
The membrane or porous media preferably evenly distrib 

utes the vaporized fuel on the catalyst and regulates the rate at 
which the vaporized fuel reaches the catalyst. 
An electric heater 20 may be used to aid or create vapor 

ization of the liquid fuel or gel fuel for combustion. See FIG. 
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6 
2. The fuel can be heated in its fuel container via the electric 
heater positioned inside the fuel container, or an electric 
heater could be placed outside the fuel container heating 
through the fuel container. The electric heater could also be 
placed at any other point in the fueling system so that the fuel 
is heated as it passes through the fueling system. For example 
a pipe in which the fuel passes could have an electric heater 
around, beside, or inside the pipe that heats the fuel as it 
passes. Depending on the application this heating can be such 
that it actually raises the temperature of the fuel to the boiling 
point and vaporizes some or all of the fuel, or it can merely 
raise the temperature closer to the vaporization point to allow 
it to more readily vaporize in the fuel container. 
The electric heater may be thermostatically controlled or 

temperature controlled based either directly upon the tem 
perature of a portion of the device or based upon the tempera 
ture of the areas or item that the device is heater. This allows 
a varying temperature output of the device. The heat output of 
the electric heater may be varied, in various exemplary 
embodiments, may be controlled via a Voltage or current 
regulation means, or a pulse width modulation. 

In other exemplary embodiments, an exothermic chemical 
reaction may heat the fuel to assist in the vaporization of the 
liquid fuel or gel fuel for combustion. The fuel can be heated 
in the fuel container via an exothermic chemical reaction 
inside the fuel container or an exothermic chemical reaction 
can occur outside the fuel container heating the fuel through 
the fuel container. This exothermic chemical reaction can 
have the fuel as one of its reactants, though it could also be 
achieved without using the fuel as a reactant. For example, 
magnesium can be combined with aqueous saline to produce 
heat, which could be used to heat the fuel. The exothermic 
chemical reaction could also be placed at any other point in 
the fueling system so that the fuel is heated as it passes 
through the fueling system. For example a pipe in which the 
fuel passes could have a chamber in which an exothermic 
chemical reaction occurs around, beside, or inside the pipe 
which heats the fuel as it passes. Depending on the applica 
tion this heating can be such that it actually raises the tem 
perature of the fuel to the boiling point and vaporizes some or 
all of the fuel, or it can merely raise the temperature closer to 
the vaporization point to allow it to more readily vaporize in 
the heater. 

FIG.9 illustrates an embodiment in which the chemical 8 is 
stored inside of a fuel soluble container 13, which can then be 
introduced to the liquid or gel fuel to assist in the combustion 
process. 

FIG.11 is a variation on the embodiment illustrated in FIG. 
9. In FIG. 11, the chemical 8 is stored within a chemical 
container 4, which may be a bladder-like material. One or 
more piercing means 24 may be activated manually or auto 
matically to drive into the chemical container to release the 
chemical 8 from the chemical container and then react with 
the fuel 5 surrounding an outside of the chemical container. 
The one or more piercing means may be directed towards the 
chemical container via, for example, compression springs 11 
or other piston or piston-like means. 

In another exemplary embodiment, the chemical 8 is stored 
within a chemical container 4, which may be a bladder-like 
material. In addition, the fuel 5 may be stored within a fuel 
container, which may be a bladder-like material. One or more 
piercing means may then be activated manually or automati 
cally to drive into the chemical container and the fuel con 
tainer in order to release the chemical and the fuel. respec 
tively. The one or more piercing means may be directed 
towards the chemical container via, for example, compres 
sion springs 11 or other piston or piston-like means. 
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It should also be noted that in exemplary embodiments, one 
or more scents and/or animal/insect repellents can be added to 
the fuel. 

While this invention has been described in conjunction 
with the specific embodiments outlined above, it is evident 
that many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, the preferred 
embodiments of the invention as set forth above are intended 
to be illustrative, not limiting. Various changes may be made 
without departing from the spirit and scope of the invention. 
What is claimed is: 
1. A method for triggering a controlled combustion of an 

alcohol-based fuel, the method comprising the steps of 
containing an alcohol-based primary fuel within a fuel 

container, 
providing a thermal conductor in thermal contact with the 

primary fuel; 
providing a catalyst, wherein the catalyst is thermally con 

nected to the thermal conductor and fluidly connected to 
air; and 

introducing an initiator within the container Such that the 
initiator provides a Supply of hydrogen gas; 

wherein the initiator starts a controlled combustion of the 
primary fuel by: 
(a) combusting the hydrogen gas with air on or near the 

catalyst; and 
(b) generating heat and vaporization of the primary fuel; 

wherein the fuel container and thermal conductor are con 
figured Such that (i) heat generated by the initiator is 
transferred to the primary fuel and (ii) vaporized primary 
fuel is delivered to the catalyst; and 

wherein the heat and vaporized primary fuel thereby Sup 
port an environment for Sustained combustion of the 
primary fuel by the catalyst in the absence of further 
Supply of hydrogen gas from the initiator. 

2. The method according to claim 1, wherein the alcohol 
based primary fuel is selected from the group consisting of 
isopropanol, butanol, methanol, ethanol, and combinations 
thereof. 

3. The method according to claim 2, wherein the hydrogen 
gas restores activity of the catalyst. 

4. The method according to claim3, wherein the initiator is 
a metal hydride. 

5. The method according to claim 4, where the step of 
introducing the metal hydride is performed by piercing a 
chemical container within which is stored the metal hydride 
such that the metal hydride is released from the chemical 
container and able to react with the primary fuel. 

6. A device for transferring heat, the device being com 
prised of: 

a fuel container, 
an alcohol-based primary fuel in the fuel container; 
an initiator; 
a thermal conductor in thermal contact with the primary 

fuel; and 
a catalyst, wherein the catalyst is thermally connected to 

the thermal conductor and fluidly connected to air; 
wherein the initiator provides a Supply of hydrogen gas and 

is capable of initiating a controlled combustion of the 
primary fuel by: 

(a) combusting the hydrogen gas with air on or near the 
catalyst; and 

(b) generating heat and vaporization of the primary fuel; 
wherein the fuel container and thermal conductor are con 

figured Such that (i) heat generated by the initiator is 
transferred to the primary fuel and (ii) vaporized primary 
fuel is delivered to the catalyst; and 
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8 
wherein the heat and vaporized primary fuel thereby sup 

port an environment for Sustained combustion of the 
primary fuel by the catalyst in the absence of further 
Supply of hydrogen gas from the initiator. 

7. The device according to claim 6, wherein the hydrogen 
gas restores activity of the catalyst. 

8. The device according to claim 7, wherein the primary 
fuel is selected from the group consisting of isopropanol, 
butanol, methanol, ethanol, and combinations thereof. 

9. The device according to claim 6, wherein the thermal 
conductoris a multifunctional device configured to adjust one 
or more functions selected from the group consisting of rate 
of fuel heating, rate of fuel vaporization, rate of fuel vapor 
reaching the catalyst and rate of heat output. 

10. The device according to claim 6, wherein the initiatoris 
a metal hydride capable of generating hydrogen gas upon 
contact with the primary fuel. 

11. The device according to claim 9, wherein the thermal 
conductor may be repositioned or modified relative to the fuel 
container to adjust heat transport to the fuel, a rate of fuel 
vaporization, and/or a rate of fuel vapor reaching the catalyst, 
and/or a rate of heat output from the device. 

12. The device according to claim 9, wherein the thermal 
conductor may be positioned within the liquid or gel fuel by 
a thermal-mechanical means or thermostatically controlled 
motor or solenoid to either insert a portion of the thermal 
conductor more deeply into the fuel or pull a portion of the 
thermal conductor out of, or less deeply into the fuel in order 
to regulate temperature. 

13. The device according to claim 6, wherein pressure is 
applied to the fuel, which upon release, travels through a fuel 
line to an external chamber for chemical reaction with the 
initiator to produce hydrogen gas, fuel vapor and heat. 

14. The device according to claim 6, further being com 
prised of a membrane or porous media positioned between 
the catalyst and fuel vapor, Such that the membrane or porous 
media can restrict fuel flow, thereby governing or determining 
the heat output. 

15. The device according to claim 6, further being com 
prised of an electric heater adjacent to or within the fuel 
container or fuel distribution system, such that the electric 
heater aids or creates vaporization of the fuel. 

16. The device according to claim 15, wherein in order to 
vary a temperature output of the device, the electric heater is 
thermostatically controlled or temperature controlled based 
either directly upon a temperature of a portion of the device or 
based upon a temperature of an area or item being heated by 
the device. 

17. The device according to claim 15, wherein in order to 
vary a heat output of the device, the electric heater is con 
trolled via a Voltage or current regulation means, or via a pulse 
width modulation. 

18. The device according to claim 6, wherein the initiator 
comprises an external source of hydrogen gas. 

19. The device according to claim 6, wherein the initiatoris 
a metal hydride stored within a chemical container that is 
opened by one or more piercing means to release the stored 
metal hydride into the fuel for reaction. 

20. The device according to claim 19, wherein the fuel is 
stored within a fuel container that is opened by one or more 
piercing means to allow release of the fuel for reaction with 
the initiator. 

21. The device according to claim 19, wherein the one or 
more piercing means is driven by one or more compression 
springs, one or more pistons, or other piston-like means. 

22. A device for transferring heat, the device being com 
prised of: 
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a fuel container, 
a primary fuel comprising a liquid or gel alcohol in the fuel 

container, 
a thermal conductor in thermal contact with the fuel; 
a catalyst, wherein the catalyst is thermally connected to 

the thermal conductor and fluidly connected to air; 
an initiator, wherein the provides a supply of hydrogen gas 

and is capable of initiating a controlled combustion of 
the primary fuel by: 

(a) combusting the hydrogen gas with air on or near the 
catalyst; and 

(b) generating heat and vaporization of the primary fuel; 
wherein the fuel container and thermal conductor are con 

figured such that (i) heat generated by the initiator is 
transferred to the primary fuel and (ii) vaporized primary 
fuel is delivered to the catalyst; and 

wherein the heat and vaporized primary fuel thereby sup 
port an environment for sustained combustion of the 
primary fuel by the catalyst in the absence of further 
Supply of hydrogen gas from the initiator 

wherein the heat and vaporized primary fuel thereby sup 
port an environment for sustained combustion of the 
primary fuel by the catalyst in the absence of further 
Supply. 

23. The device according to claim 22, the alcohol fuel is 
Selected from the group consisting of isopropanol, butanol, 
methanol, ethanol, and combinations thereof. 

24. The device according to claim 23, wherein the initiator 
is compressed hydrogen gas stored in a compressed hydrogen 
gas tank. 

5 

10 

15 

25 

10 
25. The device according to claim 24, wherein the initiator 

is a metal hydride capable of generating hydrogen gas within 
the alcohol fuel. 

26. The device according to claim 25, wherein the metal 
hydride is contained within a frangible container. 

27. The device according to claim 22, wherein the thermal 
conductor may be repositioned or modified relative to the fuel 
container to adjust heat transport to the fuel, a rate of fuel 
Vaporization, and/or a rate of fuel vapor reaching the catalyst, 
and/or a rate of heat output from the device. 

28. The device according to claim 22, wherein the thermal 
conductor may be positioned within the liquid or gel fuel by 
a thermal-mechanical means or thermostatically controlled 
motor or solenoid to either insert a portion of the thermal 
conductor more deeply into the fuel or pull a portion of the 
thermal conductor out of, or less deeply into the fuel in order 
to regulate temperature. 

29. The device according to claim 22, further being com 
prised of an electric heater adjacent to or within the fuel 
container or fuel distribution system, such that the electric 
heater aids or creates vaporization of the fuel. 

30. The device according to claim 22, further comprising 
one or more scents or animal/insect repellents in the fuel. 

31. The device according to claim 29, wherein in order to 
Vary a temperature output of the device, the electric heater is 
thermostatically controlled or temperature controlled based 
either directly upon a temperature of a portion of the device or 
based upon a temperature of an area or item being heated by 
the device. 


